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Heavy metals are prominent contaminants because they do not biodegrade and
can exist in the soil for thousands of years (Tangahu et. al., 2011). They negatively
affect plant growth, soil microflora, and macro organisms, including humans (Cho-Ruk
et. al., 2006; Tangahu et. al., 2011; Lone M et. al., 2008). Groundwater can be
contaminated and vegetation lost due to lead accumulation (Huang et. al. 1997). When
present in excess, lead is toxic as it can create oxidative stress by generating free
radicals and depleting antioxidant levels in organisms (Flora, Gupta, and Tiwari, 2012).
Like other heavy metal contaminants, lead has no metabolic benefit to humans, but
instead contributes to acute and chronic diseases when present in excess (Sears,
2013; Lone et. al., 2008).
Remediation is used as a way to remove lead from the environment and therefore
minimize its toxic effects. Remediative approaches can be classified as either
physicochemical or biological (Lone et. al., 2008). Physicochemical lead remediation
includes processes such as incineration, vaporization, solvent washing, and
excavation and burial of the soil at a hazardous waste site (Lone et. al., 2008;
Tangahu et. al., 2011) In addition to being costly, these methods can harm the
biological component of the soil, disrupt the natural chemical characteristics, and leave
behind unnecessary waste (Lone et. al., 2008; Tangahu et. al., 2011). Alternatively,
biological approaches to remediation offer a cheaper and more environmentally
friendly alternative to other methods of cleaning pollution (Lone et. al., 2008; Cho-Ruk
et. al., 2006). Biological forms of remediation include the use of microorganisms and
certain plants to decontaminate the environment (Lone et. al., 2008). Phytoremediation
is an emerging form of bioremediation and can be defined as “the use of plants to
clean up a contamination from soils, sediments, and water” (Lone et. al., 2008;
Tangahu et. al., 2011). Many plants have the ability to absorb harmful heavy metals
such as lead, cadmium, chromium, arsenic, and various radionuclides from soils
(Tangahu et. al., 2011). Some plants, accumulators, are especially adept at absorbing
heavy metals into their aerial tissues. (Tangahu et. al., 2011). Phytoremediation is
considered to only be economically advantageous if the accumulating plant absorbs at
least 1% of lead in the soil (Huang et. al., 1997).
Many plants may have the potential for lead phytoremediation that have not yet
been tested. If remediative properties were identified in a new plant, the plant could aid
in the removal of lead from the environment. Coriandrum sativum has been shown to
decrease lead toxicity in the blood because of its chelative properties (Thuppil and
Tanner, 2013). If Coriandrum sativum can chelate lead when fully grown, it is possible
that it may also absorb lead from its environment during growth. This preliminary and
proof of concept study is designed to examine the phytoremediative properties of
Coriandrum sativum in order to determine whether or not it has the potential to
function as a cheap yet effective way to remove lead from the environment.

Hypothesis
There will be a positive correlation between a plant’s lead exposure during a
defined growth period and the concentration of lead bioaccumulated in the roots
and shoots of Coriandrum sativum, indicating the presence of phytoremediation.

Figure 1. Coriandrum sativum on day of
harvest as seen in growth chamber.

Figure 2. FAAS used to measure
lead concentration in digested
plant material.

Results

Methods & Materials
Growth of Cilantro and Lead Exposure
Sixteen pots were filled with approximately 1500 mL of Farfard® 3B without
Perlite potting soil. Three Coriandrum sativum seeds were placed in each pot in
a triangular formation. 100 mL of soil was added to the top of each pot to cover
seeds. Separately, a stock solution was prepared by weighing out 15,981.57 mg
of lead nitrate, Pb(NO3)2 on a scale and adding it to 1 L RO water. This yielded a
concentration of 100,000 mg/L Pb2+. The solution was stirred until completely
dissolved. The stock solution was diluted with RO H2O to produce the desired
working concentrations of 500, 1000, 2000, 10,000 mg/L. 1000 ml of the
respective aqueous solution was poured into the soil of four pots for each
working concentration.
Plants were grown to maturity (43 days) in a climate controlled plant growth
chamber at 25°C with 12-hour light cycles. Each pot was watered with 100-200
ml of its respective solution derived from the original stock solution one to two
times per week, depending on the moisture of the soil. In total, each plant was
watered with 1100 ml of its respective lead-containing solution.
Preparation of Plant Material
At the end of 43 days, the plants were removed from their pots. The roots and
shoots of each plant were rinsed with water to remove any soil particles, and
then were cut at the bulge in the stem above ground that clearly divides the roots
from the shoots. The plant material was then dehydrated in an oven at
approximately 105°C for 311 minutes. The dried roots and shoots were
separated and stored in resealable plastic bags until ready to be ground. Plant
material was finely ground with a mortar and pestle into a powder. Each
sample’s plant material was kept separate. Approximately 50 mg from each root
sample and 300 mg from each shoot sample was transferred into a 50 mL
beaker for acid digest. Slight variances in masses of plant material was
accounted for by dividing the mg/L derived from the standard curve by the mg of
tissue processed for that sample. This calculation yielded (mg/L)/mg original
plant material.
Acid Digestion and Filtering
1 ml of nitric acid, HNO3, was added to each of the sixteen beakers
containing ground roots, and 6 ml was added to those containing ground shoots.
All thirty-two beakers were covered with Parafilm and allowed to soak for
approximately 51 hours. The solutions were diluted by adding 10 ml of RO H2O
to the root solution and 1 ml of RO H2O to the shoot solution. Each solution was
then filtered using a 0.22 um syringe filter and covered with Parafilm for storage
until analysis.
Analysis by FAAS
Flame Atomic Absorption Spectrometry (FAAS) was performed on each
sample in order to determine lead concentration. Eleven standards were
prepared by serial dilution with 0.1 M Pb(NO3)2 and RO H20. A standard curve
was constructed using these standards and their respective wavelengths
detected by the PerkinElmer AAnalyst 200. Lead concentrations within the
experimental samples of digested plant material were then determined by
comparing the absorbance value of each sample to the calibration curve created
by the standards (data not shown).
Statistical Analysis
A Kruskal-Wallace test was performed to determine whether a significant
difference existed between the amounts of lead absorbed in the roots and shoots
of the Coriandrum sativum contaminated with different amounts of lead.
Statistical analysis was done using R. 3.3.3 and the package R Commander with
alpha set to 0.05. Lead concentration absorbed in roots and shoots were
analyzed separately. A p value less than 0.05 indicated a significant difference
between the experimental groups exposed to the lower three lead
concentrations, and the experimental group exposed to the highest lead
concentration.
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Figure 3. Average amounts of lead (in mg) absorbed in the roots and shoots of Coriandrum
sativum over a 43-day exposure to lead-containing solutions, totalling 550 mg, 1100 mg,
B a standard
2200 mg, and 11000 mg of lead. Values measured by FAAS and derived from
curve.
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Introduction

Conclusion & Future Directions

Coriandrum sativum has the ability to absorb lead from the environment
There was an increase in plant lead concentration with increased lead exposure
Increased lead exposure had a negative effect on germination rate (data not shown)
Future trials will seek to determine if Coriandrum sativum can be used as an economically
advantageous phytoremediator
● Future research will calculate the percentage of lead accumulated from the soil by each
plant
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